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What is NASA POWER?

Prediction Of Worldwide Energy Resource (POWER)

Aiming to improve the nation’s public/private capability for integrating environmental
data from NASA Earth observations, analysis and modeling, particularly information
related to surface solar irradiance, to support increased renewable energy
development, building energy efficiency, and agroclimatology applications.

https.//power.larc.nasa.qov/
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Trade names and trademarks are used in this presentation for identification only. Their usage does not constitute an
official endorsement, either expressed or implied, by the National Aeronautics and Space Administration.
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Solar Irradiance on
Equator Facing Tilted
Surfaces

Why is it important?

= Panel tilt and orientation allow
maximum exposure to solar irradiance

and optimize power production for a
given period of the year.

= A solar panel perpendicular to DNI 1s
optimal.

= Optimal panel tilt is dynamic with
seasons and latitudes.

= Therefore, data supports optimal
design and operations.




Top of The Atmosphere Radiative flux

Reflected Solar Emitted Thermal

Solar Irradiance

Development:

The POWER API and DAYV provide
estimates of the of the following solar
irradiance parameters:

= Global Horizontal Irradiance (GHI)
= Diffuse Horizontal Irradiance (DHI)

= Direct Normal Irradiance (DNI or Beam)
= Albedo
= Declination

Input data are from NASA CERES (Clouds
and Earth’s Radiant Energy System)
SYN1ldeg(Ed.4.1) dependent on temporal
extent.
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Solar Irradiance on
Equator Facing Tilted Surtaces

Database Available Parameters:

Solar irradiances in kW-hr/m?2/day are Additionally, the following parameters
computed on surfaces vertical tilt at the are computed:
following angles using industry standard

tilted irradiance equations®: * Optimal Angle Orientation

(North/South)
= Horizontal Tilt (0°)
= Tilt angle equal to absolute latitude \‘%%
NG
= Tilt angle equal to absolute latitude +15° 2 \@%
O/&r@(gy s

= Tilt angle equal to absolute latitude
-15°

= Vertical Tilt (90°)

= Optimal Tilt

Solar Panel
Horizontal Surface \ Tilt Angle

* See POWER methodology documentation B o s S S S (S S o, S s




Parameter Development

= Validation performed against adjusted BSRN ground observation parameters,
where near-instant (1-, 2-, 3-, 5-min average) DNI and DHI are measured.

« The tilted surface radiation on the BSRN surface can be estimated through an
1sotropic diffuse model derived by Liu and Jordan (1963).

= The irradiance on the titled surface derivation includes the following components:
- Beam

- Isotropic diffuse from the sky
- Isotropic diffuse from ground reflection

Isotropic Diffuse (Sky)
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Beam Isotropic Diffuse (Ground Reflected)

Source: Duffie, J.A. and Beckman, W.A., 2013. Solar Engineering of Thermal Processes (4th Ed). John Wiley & Sons, Inc.



Parameter Validation

Validation performed against
adjusted BSRN ground Observation Baseline Surface Radiation Network (BSRN) Sites with data from 2001 to 2020
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Validation of the Solar Irradiance on
Equator Facing Tilted Surfaces (Global)

POWER SSE-BSRN Monthly Mean SWDW Flux on Tilted Surface Histogram of POWER SSE-BSRN Monthly Mean SWDW Flux on Tilted Surface
500 Comparison from 2000-04 to 2020-12 2400 Difference from 2000-04 to 2020-12 in 5 Latitudinal Zones
[Stats: Global, 60° Poleward, 60° Equatorward aryi ' ' ' Shd
[Bias = 17808 51140 1.3363”7&“%%5 4 - Monthly Mean B 60°N-90°N
aso OIS 138 Teame vistls o) (| P00 The Biack cure s & norma B aowary
Ho=  13.2294 18.8117 12.2294 (W m?) N I 4 - |distribution with 0 mean and [ | 20°S-20°'N
pom) MAE= 92134 116617 68872 ((\‘I,er;' _22)) - A 2000 f~(the same standard deviation O 60°S-20°S ||
L= 180,885 100.2620 201.8312 (Wm®| |. % | Easie ldatasst B  90°s-60°S
[N 7144 840 6304 ees o[ P 1800 - Avail > 95%| s NOFmal |1
~350 HBSRN QCed T : Kurtosis = 10.6228
e [lAvail 295% : y 1600 | )
= 2001 1400
: . € E
E 250 : 31200
= f o I
(72} - _ 1000
Ly 200 = : Monthly mean on :
@2 surfaces tilted 800 F
150 | equatorward; -
E tilt angle equal 600 |
100 | to abs(latitude) E
B . Data: 60°S Southward 400 -
50 F o Data: 60°N Northward -
B . Data: 60° Equatorward 200
s Identity Line =
{111 | Ll 1 Ll 1 1 Ll L | | N N N N N N N N N N N N I _I_ 4 4 e Ay ' = 2K A
00 50 100 150 200 250 300 350 400 450 500 (-:80 ;70 60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80

2021-08-13 BSRN SWDW (W m?) 2021-08-13 Difference (W m?)




POWER MONTHLY AVERAGE
(kW-hr/m2/day)

BSRN vs. POWER Monthly Average
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TILTED SOLAR IRRADIANCE
POWER vs. BSRN BIAS & RMSE
BIAS (kWh/m"2/day)
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Needville

e u_] Parameters for Solar Cooking

- uj Solar Geometry

: Uj Temperature/Thermal IR Flux
- llJ) Humidity/Precipitation

[> """ uj Wind/Pressure

[} """ ;_‘,J Diurnal Cloud Amounts

[i ----- u_] Energy-Storage System Sizing

Parameter Definitions | Methodology

7. Submit and Process

Submit



Solar Energy
Industry

Prediction Of Worldwide Energy Resources

The POWER Project Development and
Validation of Solar Irradiance on
Equator Facing Tilted Surfaces:

- Accessible through POWER’s Data
Access Viewer (DAV) & API

- Quarriable custom climatological
temporal range and location.

= Multiple file formats available
ASCII

CSV

Geod SON

NETCDF




Summary

- What is NASA POWER?

- POWER Solar Irradiances
Definitions

Nasa @ NASA Prediction Of Worldwide Energy Resources DATA ACCESS ~ DOCUMENTATION  RESOURCES  ABOUT  CONTACT

The POWER Project

Provides solar and meteorological data sets from NASA research for

° Development methodology for suppor rt of renewable energy, building energy efficiency

agricultural needs.

POWER & BSRN AdjuSted SOlar Supported by NASA Earth Science’s Applied Sciences Pi i
Irradiance On Equator FaCing Ti]'ted POWER’s Enhanced Features

Surfaces " Dty Mothoiegy o The POWER Project

The POWER ct

- Overview of Data Validation

- POWER API & DAV Capabilities

‘ »
The POWER Prmect f
ble Data Access Options
N
g

Multiple Data Access Options




Thank you!

Questions & Comments

larc-power-project@mail.nasa.gov



mailto:larc-power-project@mail.nasa.gov
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Validation of the Solar Fluxes from CERES
SYN1ldeg(Ed4.1) Hourly DHI, DirHI and DNI
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Table 1. CERES SYN1deg(ED4.1)-BSRN hourly all-sky GHI, DHI, DirHI and DNI comparison statistics
from 2000-03 to 2020-07 after a bias correction procedure is applied.

_ AlSkyHourly | Bias | RMS | o | o | mam ) N ___

0.01 65.70 0.8300 65.70 (48%) 137.88 3,450,473
DirHI, or GHI-DHI -0.02 106.45 0.9058 106.45 (48%)  222.64 3,107,945
DNI, or DirHI/cos(Z) 0.72 182.15 0.8509 182.15 (47%) 386.06 3,107,969




